RESULTS: RV patients showed significantly lower mean arterial (median 55 vs 59 mmHg, P = 0.04), higher atrial (median 8 vs 6 mmHg, P = 0.03) and comparable pulmonary pressure (median 14 vs 14 mmHg, P = 0.7) as well as lower mean systemic perfusion pressure (median 39 vs 43 mmHg, P = 0.03) on Day 0 after EC Fontan. They suffered from longer intubation time (median 18 vs 12 h, P = 0.008), higher incidence of ascites (46% vs 28%, P = 0.04) and need for dialysis (21% vs 4%, P = 0.003). Prolonged inotropic support (25% vs 8%, P = 0.02) and pharmacological treatment to reduce pulmonary vascular resistance (71% vs 53%, P = 0.002) were more often used in RV patients and they showed more often supraventricular tachyarrhythmia (27% vs 5%, P < 0.001) and a longer intensive care unit-stay (median 4 vs 3 days, P = 0.03). However, early mortality, need for Fontan takedown, use of mechanical circulatory support, pleural effusions and hospital stay were not significantly different between both groups.
INTRODUCTION
The extracardiac (EC) Fontan operation is a standard surgical procedure for the palliation of different univentricular cardiac morphologies in paediatric cardiology with low postoperative mortality [1] [2] [3] [4] [5] . However, different anatomical and haemodynamic findings are discussed to influence postoperative outcome after Fontan operation [6] [7] [8] [9] [10] . The role of a dominant right ventricular morphology, for example, has been described to be a risk factor for postoperative morbidity and mortality, but investigations of several specialized centres showed varying results [10] [11] [12] [13] [14] [15] . Studies describe right ventricular morphology to be associated with higher mortality [11] and prolonged hospitalization [12] after Fontan completion. Concerning longterm survival, need for transplant or Fontan takedown, Tweddell et al. [14] and Zhou et al. [15] could not find a difference between patients with dominant right or left ventricular morphology. In a former study, right ventricular morphology has been identified as a risk factor for prolonged inotropic support and prolonged mechanical ventilation directly after EC Fontan [10] , but the underlying haemodynamic variables have not yet been studied. The aim of our study was to retrospectively investigate the impact of ventricular morphology on postoperative haemodynamic outcome in patients, who underwent EC Fontan operation in our institution between 1995 and 2013.
MATERIALS AND METHODS

Study design and preoperative variables
Between 1995 and 2013, 173 patients underwent EC Fontan in our institution. A total of 109 patients (63%) displayed a dominant left ventricle (LV) and 64 (37%) patients a dominant right ventricle (RV) according to echocardiographic and angiographic data. Diagnoses and preoperative data are listed in Tables 1 and  2 according to ventricular morphology. In this study, we performed a retrospective analysis of hospital notes of pre-, intra-and postoperative variables and compared these variables between the two groups.
Intraoperative variables
The surgical technique of EC Fontan has been described elsewhere [1, 16, 17] . All Fontan procedures were performed via a median sternotomy. EC Fontan was generally performed on the beating heart, the median duration of cardiopulmonary bypass was 84 (30-282) min. In 19 patients EC Fontan was performed without heart lung machine (off-pump) [18] . Relevant tricuspid valve regurgitation was present in 4/64 (6%) patients, who received intraoperative tricuspid valve reconstruction. Current indication for fenestration is presence of a dominant RV and/or mean pulmonary artery pressure (mPAP) > 13 mmHg and/or Nakata <250 mm 2 /m 2 . In rare cases, the decision is made intraoperatively if mean PAP is higher than 18 mmHg after ending of the heart lung machine.
Intraoperative data are listed in Table 3 according to ventricular morphology.
Postoperative variables
We collected data at postoperative day 0, 1 and 2 regarding (i) circulatory system, (ii) respiratory system and (iii) renal function. The collected data were analysed comparatively between patients with LV and RV. Patients were monitored postoperatively on the intensive care unit (ICU). . The enzymes creatine kinase (CK), creatine kinase-MB (CK-MB) and lactate dehydrogenase (LDH) were taken as indicators of a severely damaged cardiac tissue and were routinely measured in blood samples during the first 2 days after the operation. Central venous saturation (CVS) was measured hourly using blood gas examinations directly after EC Fontan. 2. Respiratory: Oxygen saturation was measured by pulse oximetry and arterial blood samples. The duration of mechanical ventilation was recorded and analysed as well as the ventilation data such as inspiratory oxygen flow (FiO 2 ) and peak inspiratory pressure (PIP). In case of need for nitric oxide (NO) inhalation, it was administered via mechanical ventilation. Indication for prolonged postoperative ventilation was early Fontan failure, respiratory or myocardial insufficiency or septic inflammatory response syndrome. 3. Renal: Urine was continuously collected and urine output was monitored hourly. Urine output was defined as normal (>2 ml/kg/h), oliguria (1-2 ml/kg/h) or anuria (<1 ml/kg/h). The continuous intravenous application of furosemide was defined as intensified diuretic therapy. Waste products in the blood indicating renal impairment (creatinine and urea) were measured in routine blood samples that were taken during the postoperative course. Systemic perfusion pressure was calculated by subtracting mPAP values of one patient from the corresponding MAP values (MAP -mPAP).
The use of dialysis (peritoneal or haemodialysis) was indicated if early postoperative acute renal failure with anuria and volume retention was present.
Additional end-points were early mortality, need for postoperative mechanical circulatory support (MCS), Fontan takedown, prolonged inotropic support, ascites drainage, prolonged pleural effusions (>10 days), length of ICU and hospital stay.
Early mortality was defined as death within the first 30 days after EC Fontan. Postoperative need for MCS included the implantation of an extracorporeal membrane oxygenation or a ventricular assist device. Prolonged inotropic support was defined as need for i.v. catecholamines (adrenaline and noradrenaline) longer than 72 h postoperatively. The development of ascites was diagnosed using sonography. Pleural effusions were diagnosed using chest X-ray and sonography. ICU and hospital stay are indicated in days.
Statistical analysis
A retrospective analysis of all hospital records, operation notes and echocardiographic and cardiac catheter data was performed. Data have been examined by analysis of variance with IBM SPSS for Windows (version 19, FIRMA). Continuous variables are expressed as median (range) and comparative univariable analysis has been made using the t-test or MannWhitney U-test, as appropriate. Binominal or ordinal data were expressed as percentage and comparative univariable analysis have been made using the v 2 test, two-sided Fisher's exact test or binomial logistic regression. Multivariate analysis including heterotaxy, fenestration and RV/LV was performed using linear regression. A probability (P) value <0.05 was considered significant.
RESULTS
Preoperative variables compared between left ventricle and right ventricle
The cardiac diagnoses are detailed in Table 1 according to ventricular morphology. Heterotaxy syndrome was more often present in patients with RV than in patients with LV [19 (30%) vs 14 (13%), P < 0.01]. There were no significant differences in preoperative demographic or haemodynamic variables between patients with LV and RV as shown in Table 2 .
Intraoperative variables compared between left ventricle and right ventricle
Comparing intraoperative data between RV and LV patients no significant differences were found, except for the incidence of placement of a fenestration, which was performed more often in RV patients (41% vs 21%, P < 0.01) ( Table 3) .
General postoperative outcome
Severe morbidity and mortality Early mortality, early Fontan takedown and need for postoperative MCS were not significantly different between RV and LV patients and were not different between patients with or without open fenestration (Table 4) . Furthermore, within the RV patients, there were no differences in early mortality, need for MCS or Fontan takedown, prolonged effusions, prolonged inotropic support or dialysis between patients with or without hypoplastic left heart syndrome.
Intensive care unit-course RV patients compared with LV patients showed significant differences ( Early postoperative outcome (Days 0-2) 1. Cardiac: RV patients displayed significantly lower MAP at Days 0-2 and CVS at Day 0 as well as higher mAP at Day 0 (Table 5) . Inotropic support for more than 72 h was needed more often in the RV group (Table 5) . Increased heart rate ( Table 6 ) and higher incidence of supraventricular tachyarrhythmia were seen in RV patients (Table 5) . Postoperative volume resuscitation and CK and CK-MB levels were not significantly different between RV and LV patients (Table 6 ). 2. Respiratory: Postoperative intubation time was longer in RV patients (Table 5 ). PIP as well as the use of NO ventilation were not different between RV and LV patients (Tables 5 and  7) . mPAP was not different between RV and LV patients (Table 7 and Fig. 1) ; however, pharmacological treatment to reduce pulmonary vascular resistance (Ilomedin and/or NO and/or Sildenafil) had been applied more often to patients with RV (P=0.002). 3. Renal: More patients with RV developed acute renal failure with the need for dialysis (Table 5 ) and development of a relevant amount of ascites (Table 5) . RV patients displayed lower systemic perfusion pressure (MAP -mPAP) compared with LV patients (Table 6 ). Blood samples showed comparable serological values for creatinine and urea in the first 2 days after EC Fontan (Table 7) .
DISCUSSION
This retrospective study showed that patients with systemic RV suffer more often from unfavourable haemodynamic and early postoperative morbidity after EC Fontan operation than patients with systemic LVs independent of the diagnosis of heterotaxy syndrome. RV patients in the postoperative course after EC Fontan showed more often: prolonged inotropic support, need for dialysis, relevant amount of ascites, longer intubation time and ICU stay. Haemodynamically, RV patients displayed lower MAP and higher mAP, whereas mPAP was comparable and systemic perfusion pressure (mPAP -MAD) was lower at Day 0 postoperatively. This suggests rather reduced ventricular function than high pulmonary resistance to be the driving force of increased morbidity with prolonged inotropic support and renal impairment directly after EC Fontan. However, early mortality, need for Fontan takedown and postoperative need for MCS were not different between RV and LV patients.
Overall early mortality was comparable to other series [4, 5] and multivariate testing showed no significant difference between RV and LV patients, but heterotaxy syndrome to be associated with higher mortality, Fontan takedown and the use of postoperative MCS like described in former studies [5, 12, 19] . RV morphology as a risk factor for early mortality has been reported by Julsrud et al. [20] ; however, in a patient cohort operated between 1973 and 1987 and not between 1995 and 2013 like in the present study, where differences in operation technique, amount of expertise in Fontan operation and postoperative management of Fontan patients between eras can be expected.
Although postoperative morbidity was higher and ICU stay was longer in RV Patients, hospital stay was not different between RV and LV patients in our study. In contrast to that, McGuirk et al. [12] described that patients with RV showed longer hospital stay than patients with LV. However, patients in McGuirk et al. [12] study suffered from prolonged pleural effusions, which tend to be long lasting especially in case of chylothoraces. In our study, RV patients show more often prolonged inotropic support and ascites, need for dialyses and prolonged intubation time, but no difference in duration of pleural effusions and incidence of chylothoraces.
Circulatory system (Fontan haemodynamics)
In our study prolonged inotropic support occurred more often postoperatively in RV than in LV patients, also independently to Table 5 :
Postoperative data according to ventricular morphology RV (n =56) LV (n =103) P-value Prolonged inotropic support, n (%) 13 (25) 8 (8 heterotaxy. Matsuda et al. [11] , only looking at RV patients, has described low cardiac output to be a problem in patients with RV in the early postoperative course after Fontan palliation. Midterm results in another study have shown poor ventricular or valvular function in Fontan patients with a dominant right ventricular morphology [13] . In a recent study, with fewer patients included, we have shown that RV was an independent risk factor for the need for prolonged postoperative inotropic support [10] . In the present study, however, we aimed to study the underlying mechanisms in more detail in order to reveal the pathomechanism of early Fontan failure. We could demonstrate that RV patients displayed lower MAP, lower CVS and higher mAP 4 h after EC Fontan than LV patients. In Fontan haemodynamic, the ability of spontaneous increase in preload is limited and the increase of cardiac output depends mainly on the acceleration of heart rate. However, postoperative use of i.v. catecholamines can favour pathological tachycardia with further reduction of ventricular filling and increased systemic resistance and might promote supraventricular tachyarrhythmia. In our study RV patients needed prolonged inotropic support, showed higher heart rate and higher incidence of supraventricular tachyarrhythmia. However, the need for postoperative MCS and early Fontan takedown were not significantly different between RV and LV patients, suggesting that the dominant RV can adjust sufficiently well to the new haemodynamic circulation although needing more intensified postoperative therapy compared with LV.
Other studies have described a longer cardiac bypass time to be associated with worse early outcome [3] . In our study, however, ( patients with RV showed comparable cardiac bypass time to LV patients. In the absence of significant differences in preoperative haemodynamic and intraoperative data and taking heterotaxy and fenestration in multivariate analysis into account, this suggests an impaired myocardial function of the RV acting as a single and systemic ventricle in the early postoperative course after EC Fontan operation. This impaired cardiac function might be related to differences in morphology and, thus, differences in the ability to adapt to the novel haemodynamics of the Fontan circuit, which seems to be better tolerated by patients with LV morphology. Similar to that, Kaneko et al. [21] recently described significantly reduced contractility and diastolic function of single RVs compared with single LVs with pronounced difference in diastolic function after Fontan completion. As a possible reason Kaneko discusses relative myocardial ischaemia found in RV patients [21] . In our study population, we found a tendency towards higher postoperative values for CK and CK-MB in RV patients, although intracardiac surgery as a possible reason for that was not found to be significantly different and creatinine and urea were comparable in the first 48 h postoperatively between LV and RV patients. It is of note, that in our cohort, impaired preload was rather not the reason for prolonged inotropic support because fenestration rate and LA pressure are higher and mPAP is comparable between RV and LV patients. In our study, volume resuscitation in order to maintain stable haemodynamic was comparable between RV and LV patients. Higher volume resuscitation might be necessary because of a greater diastolic dysfunction in RV patients in comparison to LV patients. Garofalo et al. [22] describe the existence of ventricular diastolic stiffness as a potential reason for postoperative need for volume resuscitation and, thus, for perioperative morbidity and duration of pleural effusions after the Fontan operation. In the work of Salvin et al. [23] , greater volume resuscitation during the first 24 postoperative hours has been described as an independent risk factor for prolonged recovery.
Respiratory system
The intubation time was longer in RV patients with no difference in the use of NO ventilation; Ventilation data and mPAP were not different between LV and RV. RV patients, however, showed higher LAP suggesting a lower transpulmonary gradient. At the same time the use of pulmonary vasodilation therapy (iNO and/ or Sildenafil and/or Ilomedin) was significantly higher in RV patients, which might have been one reason for this finding.
Reasons for longer ventilation in RV patients might be postoperative prolonged inotropic support, need for dialysis and supraventricular tachyarrhythmia, which were all present in the RV group. The need for longer intubation time negatively influences Fontan haemodynamic and, thus, leads to intensified postoperative therapy and to higher postoperative morbidity. Thus, a timely extubation remains a primary goal in the postoperative course of Fontan patients.
Fenestration is described to be associated with low mortality, less pleural effusion and shorter hospital stay [24] . The artificially placed right-to-left atrial shunt helps to improve cardiac output and, thus, facilitates the postoperative management of patients after the Fontan procedure and can be closed interventionally at a later stage [25] . In our retrospective study, fenestration had been placed more often in patients with RV morphology than in patients with LV morphology and patients with and without fenestration did not show differences in mortality, Fontan takedown or MCS. However, the group of patients with open fenestration is not comparable to the group without open fenestration because a fenestration was only placed in patients with the given indications. Thus, it is difficult to interpret possible effects gained by placing a fenestration. In conclusion, a general advice whether a fenestration should always be placed in patients with RV morphology cannot be given as yet.
Patients with RV more often displayed the diagnosis of heterotaxy syndrome than LV patients. Heterotaxy syndrome is accompanied with complex vascular morphology, which may in turn negatively influence flow haemodynamics. Furthermore, heterotaxy syndrome has been shown to be associated with ciliary dyskinesia, which might be associated with impaired pulmonary function and prolonged postoperative need for mechanical ventilation [26] . However, RV morphology and heterotaxy syndrome have been identified as independent risk factors for postoperative need for prolonged inotropic support und prolonged mechanical ventilation [10] .
Renal
In the RV group, more patients developed postoperative acute renal failure with necessity for dialysis and development of ascites with requirement for drainage. Studies have shown that increased venous pressure and impaired cardiac output are associated with renal impairment [27, 28] . RV patients displayed lower MAP and comparable mPAP values compared with LV group, which in turn leads to lower systemic perfusion pressure (MAP -mPAP) and, thus, compromised net renal flow. A recent study from Esch et al. [29] showed that the mean systemic perfusion pressure on postoperative day 0 was a risk factor for acute kidney injury after Fontan completion; in our study, RV patients demonstrated lower systemic perfusion pressures than LV patients 4 h after operation and also showed a higher incidence of ascites and a greater need for dialysis during the postoperative course.
CONCLUSION
Patients who fulfil given preoperative criteria for Fontan completion show good postoperative results after EC Fontan regardless of the ventricular morphology. However, patients with systemic RV developed signs of early temporary Fontan failure indicated by a higher incidence of prolonged inotropic support, lower systemic perfusion pressures and a higher incidence of renal failure in the postoperative course compared with patients with systemic LV. According to these findings the adjusted postoperative therapy including all strategies for improving right ventricular filling, reduction of the pulmonary resistance and maintenance of systemic perfusion pressure should be applied. Nevertheless, early postoperative deterioration of the Fontan circulation in RV patients was not associated with significantly higher early mortality, need for Fontan takedown or use of MCS or even longer hospital stay.
